PCX wv } - < < )/*h»>n "^S^ 



AS IN 1/378, BOij" 7/92 



1 ?>c * iu !f Paw* s > K HO ->v 06 8 



. <.< < ALFROA A mana: o >i.:aoat;oa ; a.a 

CN OAK;KAAAAROA AA AAx 07-0 ;Oc O^sAoAocci. 

a a i ion <x o-ao a- < > > s c.a 

!-M t { - * h ! > 1 Vv'av, 

Affite Clare. CA ARAN OA;. IA1A, AxAxn. X>:>r.; AGO 
K - < i 

A i,- , - 

CA GAGA AAA 1 - FA!..'i'V.S : Michael. A.; AGO AAA; 
St t \<>'0 s V A.OOS 

*G O'xii >! ' J , 

ROA'f GrmanAx .R..xaA AOcxa, Aa.-CAG aOG 



est Ml, CA, IP, SsiKJSKfi- mm** (AT, BK S 

X X x v X f 

sl. wi\ m. 



mil search np&rt. 
A Of <x«;AaGJ;; or .%? i , " , 
AO.aA ; «a; ;<■> A: r?puM:s>ie4 in Aa 



(54! AAA: CvIRI.a.NTARLA GIG AAA CRAG OOGOVG) AaAIARV XAaAAOAGNG AAA ROAAJURG CONFIGURATION 



sxt 

CHARGER 
5 \ i 
SOURCE 




Lib 



WO 99 \H:IHH 



IMPLANTABLE BLVICE WITS BATTERY 

' -° N « N 0 S 0 > \ x id\ 

The present savesdon rekaes so sopkaraabie devn.es, and mere parsscotarh, So a kdiy 

! 1 it x II I) S ! v x ! s 

I < M >t mh® tm ps s> vmtion missies io a 

5 t , i i -> device conhfoured so nfootaiae he;:- geiaeration dee -o eddy coroeais dering battery ' - > 
sad other s-oagaeiic pe ering. Another aspect of the ntveatonr schues so pamdoaotg she circuit ikiterairn 
\vjfinn the onpbnstabte syssens tisafonv upgcfoiog Use coonis. Ikitcisoas anddsr to pertnh Cxistitsa partuthy 
"'j . d 1 s » ! t ^ x •> x < o\x v •< 

to fully implaatsbfe systems. 
10 Prcsesniy available onpiaraabic stnnohstioo devices, seed as a cochlear implant device 

x * neural stimulator, v.vih have an implanted . • , o o> sm : ac coik and fus axioms! k lomeemoa 

i ''xi A i < \ <. ' < > x 5 ! ii ! , < I , I 

processor and ohsei s ueuU;> dvn yeoeeucs arc! sends she appropriate csra&tasd am! power ssgssnis to si 
sop mscd i to «Ms 5 So carry s i < its inferred o f t The eternal u n mitt and power source 
15 is powered by a bstiery that supplies electrical pow Ihrougl? the ac col! lo tlse itmplamed unit via 
inductive coupling forpsmidlag |»wer fo; any necessary slgaai processing and sot-fro* dtcaisry I $ 

c i 13 o ! x In ties - x ? 

from Sue external unit to the implanted mii \ ia isdacdve coupling requires constant dose 1 nent 
IxCssvems she hvo units. 

20 

r 3 inches, x 2 iscl * x ! J 

^ £ l >k »t m ) e devices tcquk* a si \S »bvg» «r charging rime each wede 

Accordingly, there exists a need for a sued- Hgfcnveighs snmssatabie demce thai does. 

\ f ! ! ! ! i ' > 

25: witirin s relatively short time period 

Further, there exist:; a need, should She battery wkinn seed a small lightweight 

. K s . > i i « i t i t '1! 

periods, to still be able so provide power so she device, e.g., from so; external power source, so s* < Use 
ikvtee cast continue to opentte ) proviiie us Ki M s i s e.g., sensing mdJos si* to the 
30 >;tiseid ^u s v o' i \ 1 1 c<> i ) ' sx 

sjsnssie method for the batten module to be replaced during surgery, sliooid repiacessorss he accessary or 
desired. 

Moreover, iitore ate s^as\yp::iients\vho Isave received ats intpbasi systessv e.g., seos/idear 

i ! i \ S X >< \ l six l 

35 Si i r ' 1 ; < < ! 

axislea, asfo an externa! ! > - i speech processor and noadptece. ' speech processor 



■ ~~s ~ 

t j un >* fe ?! ^ s "i t 

n ! Ji i a a : i « ! o < '"k e- hhjvti^hS 

owss cctso. jousted together by 3 detachable cable. A fust of the unplaskobie deuces bouses elcctrortio 
i ti pc > s k xond < s dcsccs houses a rcchs gt 

5 t ! ?! Si ! f S 1 i ' N "Vi 

i X i S f ! O < 1 f Si i«> 

1 <i st > >• s U i1 -^f\ 1 v ^ . 1 N ' ^ ^ 

lite batfety t she; second device to corvwI the. dc power of the battery to sc power for umsrasssjoa to u e 
strv Je^tt f * * M iflSf 

1!) si K fiom She second device < she fust device. Thus, only t power passes, through the coonectiog 

i ! a further ernbodonetn of the invention, heiearier referred > the - e^ s t< * 

v > ! 1 i ' > ^ % i fS " Hi 

devkes. The fjrsi sfcesce houses electronic circtntsx for performing a desired fanciion The second device 
15 hmse s < s six! 

cAitv Tl ens. s nut r electrical os physical eoscnecooo betweea thefstss aad second dsvscesi-tougfc 
which pewsr aad'or comroi signals are ? ? s t from erne device to tte other, s s s there is a© 
detachable sabte im ejects tiie two devices toother as is the case mth the "wired system" 
. n 3l < - v r the seoc *a 

20 csi.c tot <. > ■> p 1 r > c s^'Au^ 1 

external visit and att implanted ana In existing systems. Thus, ones ss.se of this proximity system 
s it i >i i s i h allows > second device, housitsg 3 1 I ». battery ss-cl other circuitry that has heretofore 

iscest included > an external device. m he usiplamcc! proeitnate ; ?u ancient device of ass existing system, 
thereby effectively itpgtaclittg tiie existittg system to ti i»ilv im^astable system. 
25 ,m . >i r , it t ti ! 

in ;s.ct implantable device in which the case is formed of a rehHtveiy high tvssstivtiy matmsl that sitntbny 
. i t v i s ' 11 c ;o 

\ htni^er vareeson oi' -he iitve-iti-yst >^ eo oathin ttsty of the shove ' v ^ 
hides ^ i > ->s ^ i i Sarge c trretti 

30 1 vs s to its , ' ;eeoe- atiae , eiitreets s the r t 1 1 

! v)i > < > N s ^ s < s 

;k; {aagttetic fields, that xndodes a substantially henrioac hwsrng «r>4 lust aoei secoad elect todes, .housed 

vVth'S i i ! C v i S - ' 

cot-fiO.aod r.av vest; i - > t it t t s 1> - ^ icon,, \ n cteeiheshe v eeaov 0, % 

35 it relatively fiat ieoodaetive plate lying substantially ta a phase aaci having sills in the lias plate kt reduce 
i 5ofdoscdkx;psv:stiseph5t is s 1 firsts iseconc k ks so s> ccc- 
tMm\i that are coiled into a spiral wnhout fonnmg a closed ioopalcnig lbs spiral Aisen^atsveiy, the: fits! 
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electrode m&s be Sensed ci km rifebo > c^n u *,l!spr U> • ■ )• H formed 

* t 5 ( i > ' ' v i < s « v\ 

jn , < > p ; m f v, ! hi 1 <} v s < \p ^ ' 

s > t housing ? fee formed of a mgh<«sis*ivhy mwmi so limit tot geaerafiag eddy nrah ss 
the boasisg, 

s , « h s. ! i d i - eke. eg., a cochlea 

nl > > ^ >> i . o o <^ v, ^ \\ ^ \ v v ^ t <<^d 

viiti\in 0 jv a cob ihai surrounds the. t and a battery i is 1 bo«scd>-3 Use j h m ou 

circuit gesemies efcarkai pulses for stimulating, e.g., cochlear or other serves, 



3 oho 



i the coil Iks 
induced kens 



external > inagrseta: fields. The battery is cos:pied so i coil for bauery recb;tug;ng ask has first aod 
Ml electrode plates, bkoh ssectrcde t has > surface area that u; ieiahvely parallel to the phsstse of 
\ i\ < 1 , > u ti - se 

extenia! »c sxuiguedc ticks during butter? recharging. 

v« ! loaf joe j cssed 5 i 

; e( j ' ^ 1 k«;h 

electrode piste has a pta5.tr/ of slits that extend across * saibstantiai portion of the pkks sntfeseasea: 
to produce regions of the surkce urea h >t each hsvs a 5 u\ h slender shape. AH of the siifcs ate 
iMH y parallel asvd to \ eeoad , > < t - k> 

i » 1 ! ut 0.900 inches. 1 ?c silts 

form gaps, between the conductive teeth, {hat may ho filled with an tns\»htsve material such as nylon, 
polypropyiens. spoxy or other compatible insulating material. 

td s ! s i . > ' t i it c 

j > i j ,t r umnm 

e 5 { i t. < v >s > t n< s i e i 5 

The cochlear implant device ratty hmher sit a coil that encircles Jlte case and that is etn^-edded in 
the epoxy material the coil for receiving exiesnahy induced ac power. The bntrcryrnay be a rechargeable 
<> i t ion e > n t v the device may further include a recharge coa;i-k ci roust that It; connected < a 
the ecu and the hattety tor osk.eetnp the battery to spec; tic \oktgc, stitch as TO volts, or a specific 
amount of confontbs of elect rirad current ttslng power induced or received through the coil, \ m* > * eh 

ik v S U_ >"i i 1 ^ 1 i U * t -v 3 T« 

in yet astotiter etrfooifouent of the present invenhon, the device is art naplaru device that 
Mas & case, n y . aaet an t tit 1 ua retrench, irea; tl t t i 

f Mih i\v i i i i n s i< i t f p> is I 

battery is housed wulun the case and has ht?? and second electrode plates hkch ke.c.trode plate has a 
surkee area svtth a nhtrahty kkliss tltat extend across a substantial pertasn of the plakT sutfttce atea to 



s allow greater tnag 



essLtdes the o-fipiant ©ic. or that iscostaiaed witfsia ths xmplam device, or that is attached with two 

k W if ti i ! i ! Hi i 1 1 S ! n 

50 rap tct ion or maximtiiti iifeume fc m iottbsuery the batten 

nttdun. 



v'i,^', battel? tMifimcttora. or is no; to , used. Suds n > » »x * r ■> b 



of providing bactoip power u 



The backup powering option sbo allows greater ffcxibthty in how the implant 
* device is used For example, m a cochlear m$hm device, it may ire advantageous to cbssge 
h processing strategy thai is used io control Sbesiimulsbcrs ot'tha anditory serves Si? ibe cochlea. 
Such speech processing strategy, in she fir:;; instance, is. programmed inside oStho uvpbxiMtiAc device. 
Sbonfd a new speech prtycessixat. strategy he desired, and in the eveat reprogsnmrtnng of the spates 



■y the patten- dna sacorporstesrlic new speech ptocessnrg strategy, ; 



25 behi tsd the ear rant cevdbb 
pnvotsaad stoxstxoh the r; 



The if 



and soks; of she dee; 
dtobe«|xfeiedo 
vohe The o^Ux Xi 



i v ^ „ .t. o w 

« ■> i . ^ k nsu^.-t.. id! i ;l needed be 
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■*<• u i ^ id^i M a tkt ( < e t\.\» ^ t «> 'U<,vn The - i r\,'u x . 

i ! i > , owee • 1 ! < 1 should * eve; ami replacing or > isr s 

* < t v i v < r o <X itu 

> j a , i \ s ! s s > mc i s i«^rxw Xt«hl<^ 

5 v scv rs The packages can be m k, I - > detachable < s Gwi-ed mtemT or caa be coupled 
o<,! ,t i x \ n is >< o . , j » < > \ * - n' * 0 I -> sv < v i Pi - ^ * 5 e- J 5 p« d i 
my be transfers, between she two packages on two or three wires, wink power may be traastocd on 

! , ; \S !v SO .» 

ontsnie of She beravjde scat * packagea. The T-phase sigaal > received at he: < package, c-as 
10 simply ;>e tecoiRbsaed to create a DC ssgnad ! synchronized switching without the need for Us 
, , < >nd \vi pliti pi v n. yM it p s-rat mcdVKt ar ner 

MgnT . \ee> ^< ->^i < .,'o e,n t ; ;\ - s sai 

oveso.J s > ;K-.scti! in rikii * Hbe 

I $ more 3pp ! eat irom tfcs following more ? !<m i t description d — » >' ia m * t <vt with si 

1 S > I 

FIG. IA aiusustes a typical cochlear smradttsioa system as currently yseri by raaay 
. i )>) ne\t?ra ! 

hcadpetoe , connected with an external speech, processor (TP) it power >*tcf 
20 FIG. IB iUu»s a behipaHhe-es? 03TE) cochlear snmuiation system that i«etedes 

an imftoed cochlear smranator -iCSi and art externa! 8TS anit Ows Jticiudei a ;x.>vcr source, a speech 
BKxessor and a sniomplsotto. 

v-stis the prc-cn; snM.-naoa. 
25 tO P ^ c , < > * ^ J s 

with tho tsvsatiea, 

FIG. S <. i Of 3 !ii rti . v r > t 1 1 if 

accordance whs? the inveotson 

^< ' ^ - i < i I ' 5 1 r 

:-.(! Mcpiaa: dc\ace i » n < » » the present saveatton. 

5 Vi , * ! I > 

the erxdiiear irapiara device oi'FiG. 2A 

F!CS. TV. 3B and JC ere i views >i ^ < battery etectrode piates for reducing 
indnocd eddy carreois -on the plates, -as accordance wita the present invesmos. 
35 K "^d v ,„ v« m v ! tew < s 1 ^ > 

bx; roiled so forta a $m)\ battery 
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1 ' ? ~ 

: io <■ >- < > \ n v , x \. -s < , n,.)) x\ 

PIC <; > . > wvs 

eoauog xx.-xy ;ba: cochlear xspiaik device, 

if <s ! i , , ,< , ^ M 

> a is S t i pi vmiat 

it s * vxw of a fiss; anfofees; of a spiral baiXrv elecm»G i Xi o 
m ;« jotdance with ike ptv-cm tsvefmct*. for reducing tarfneed eddy cuneats. 

MO N s r c.^Vi v < > ,,,u k v. ) u v. > 

electrode Jtsvo She spiral cord; gsxati ox 
10 FIG k Is ;i plan <o« of a xo and eakxaknx-ra oi .1 spiral baiters electrode 

("u >\» ! i accordance wdh. otepxxena Invemlox for rxGcox.1 nxloced eddy currents, 

ti! X - i ! X I 

coxmcctioo of she spiral baax.ry of TIG. 9. 

FIG. 11 is s graph of batsety voltage vttss bmizty charge capacity, 
15 FIG. 32 is a« £ievstu>n view of flexible circuit board prior to rGilag « int« a C-shaped 

or spral coafigwrstioa. 

H<3. Bisaptai Oshsped 
or spiral cessfjgiSKStios. 

FIGS. 14 A <ii\<i J4B arcs plan --sad profile (side) view, Tespeckvely, of one mbodiasetu 
20 of a Mly iiRjsfeMsble, partitioned, prepare, sysscm avadc in accordance with tlx isveralsa 

F.IGS. ISA sad 1 view, re b« ><W 

t { s GK o<. r j» <a,stesi 

FIG. lb is a profile view of vei aaoGef cakxahaxoi of a paoono-xd poxasxx' vxxx 
FIG. 17 khxxxesa Gssxaxai bisxk okagasx. of the cixaoss xxb -vGsai a ,\u 
25 j i 1 - ! » U 

FIG 1? -as so cly sl'u sias a bus uxki pa. o; kx ; reus ; ux xitfosia 
pamkoaed »sxx eakaobinxak 1 i ..oiior* 

i <ix, \s , , o ! r I i sx ^ v 

xaradGriog power ixxxxn ovo ooplaraabie dcvu.es 
30 I > s s < s f k - i ' o ' ' 

system of FIG. 19. 

1 - x xt" n . " >- ' > - * !i 

v l i< v 

0kixGe\O 

35 rhex ! c ! plates for cumin o« 

* xAcrmuri This ixs^r <■ ; = > io ! \ r, ; a h 1 1 xyxe i x $t?ota: ;t; t for kx ^ t jXiX. 
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, i m s i ma U J a.er ;rai p> m pi x <i » !\> s n » H\ ss<sx u si - av , x x- ^ a d t " is - ' mined 
wuh refcteacx to the ciaims. 

Ovgfyiev? 

The pm v > <m i relates . i msplaimmle device Insvinga e^i x x s t < s 
5 r> ksfjv s ,>><<* '» . ^ * ! 

s i, 5 i;s j < Ss ss X s Sv \ 

«nders;;xsh howavm. ;aai the p.msesn immndos may also be nsechxhh other types >X bapSamabh; ayssems, 
am; is no! intended so be braised So yese a cochlear shsmnssxn-: sysaerss Any medical or osaer device or 
system vb.scb axaa ;x hxpiamed in bvina smme. m a ssama; envisonmem. msd which ieqmses opening 
10 s »vx fion a x plena 'T, - :»we? w.» saah as a rechargeable bassesy. - *t wherein \\: opsmstixig 

X , < s V < < * ^ d < 

direct decarica; cotsnccnen. may benmh from she application and seacamgs of die prcscist invention. 

s ! h s xsefh 

rwiew current* <isam< ideas m - > 1 i teptcs stive of a issye-stsfmi&s »g 

15 S> « f ; i is » s 

deserfced, e.g., in U»«ed Sistcx Psiaa No, 5X«3;726. previously re&rssced. As described i» the 
pmeat, <u i ^ » h«5if,i,sU n FK3. I A, such exisaifig system snciades tmpiaoicd ' exsesmd ^ .s - 
The external components inelaile a speech processor t >Ps. a power soarae (e.g., a replaceable bcutcty), 
i - ,i r v sons 1 k 102 thai 

20 c j t he HP 106 via a cat 

' A microphone P is also xsanded a;; par; of u headpaaa: i 

The issvpmsrxa coinponesns inahxia an imphimahie ccchkaa ssnansasos (ICm 1 12 and 
; ,\ s> o s i ' The tieetiocie array i 14 ssrasendsai hx inmiammioa within >. J .c 

s.a s \ The ICS ink i s u' behind the rs;r, so as < reside am She scalp. Tiw < > xi army 1 14 
75 sa jxrtnnasmiy eoaneeied ;o ;he T'.'b by way o; a «iu!ii<-0!x1iietc;r irnpiaraabie eelae 116. 

Inside ofifje Isaadptccc !06 is a cob das ss ased so Hxbsebvdy or niaasiesieedy compse 
3 > j < y - r s > s i s m s s i i < 5 s < i c <s o i i >o s 

Si ! i <> t f >s (tit 

s u s s s ,) , < Sx ,s, , P IP v s. < "s i ia V<? 

30 prcspee ssligssmem, a magna; s typically itscHidcd m b»th dm headpmee ' s > the ICS 1 12, and she 

,s * ^ , i >s - s^ ^ < < ' s 5 > ( 

,a» p s it skv < >n i i >- s ,.m^. 
pattest. 

hi asea a earner sigssai H gerserased by cheaitry wiihin the wearabie unit 102 asi»g 

35 t r> ) * x i s n s ,mth?^vixhpjou&s.oi -am K"^ s o s s ' m c >h"b 

, ! s „ ? s s N 1( ss , , i t < i is \ i s s s pisd S ! - 
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The present , v:n.o.»t a ,i . J to u h> st sp sis. d . - devices and ; - - ; m , :ha; o«!pSs>y 
i ..a rci s <■> is? at 

;>>,>< ! < ! vi i« " sv Ci Uv'Od 

:ia >s i f it i '•> use. it contrast, the present tsiventtcs provides a tsefcargesblo battery, and method 
otrovkt «me he ha tc« ! if I ^ ( v t s v v ^ 

Si N t, V > 

Tro p^sou n\ 1 v! » < , * t>M not ^ n> *c u>vd ~> rati 

i 5 i 5 ! n v ' sfflUth 

implantable system. 

•X Mh itnphmuihk Mn«k eon system ! W made in aecordaaa; w «fi the tavention is 
show* ia FIG. 1C As iliusirfttfid in FIG. SC. such system m iwMes the ICS ebcwBy, tho speedi 
5>ro^ssorcm:< mdapm « s ) usei 1 H4 is connected so 

i,K M > , it . 5 v t. 1 ( ^ <U C 1 4 

vvijiif it ! > <- ' d " > ! vpi i, neons 

through magnate coupling fcom the and 132. Sounds sensed by the microphone 134 are transmitted 1.0 
the Knit 132 via aa rf transmitter built-in jo the uuctophone 134, (The jrjmssru^nsi distance M mch 
signal is wry short, ooly a eettshnetcr or two. so not mush pernor is needed for such transmission) 
MvsnU gooosK such mt nyi ml 1 34 is inserted inside the ear canal so it is not visible externally. 

Other types of microphone 1 also 1 used win? toe implant unit i For . < p 
extom&Oy-generated sound waves may he sensed througl ihepa s the si gk mi » 

, , oo.cf %ckrcss 

When the lanteiy ! 1 . 1 single and 132 \ < he recharged. , » t r 
otsh be a lev. minutes a day. ot a tm* tot os during the week, a a externa; headpiece 136 is placed adjacent 

v « t , > ! ^ > s * ! ! « ^ 5 f 

^ ( x i il n >^ iO 

replaceable banenta; >ar i'toni at» as pooer pis; a. Vv1;en pregranatreng aoti/or dsagnosoc tests are jieeded, 

> v,r K \ ! t U * 1 * ' = V 

i ,\ , i in < i t 1 V 

tnstdaated urns 132. as well as six other p-ar|>ascs. For eseatipio. the exiernai cotittoi aotit BS rnaj' leased 
i < \ xsvsot 

ki^ai i'.p > * Ki' o ; ^ s 1 « »» housed tofeeost 

ided by the inter-ad battery The external control unii m imy also be used for 
implant device 132. e.g., fitting ihs ICS after stnpiaat or adjsstiog Jhe sttitttslittnm 
t\' ft f^ M ii i r i 1 < - onuses 

etnixslitaet << ^ * i ctni stem 

n ! ! e t^ n^ ^ 



to override the 
tseindedwiinm 
iM pcswsr pnav; 
prograrasiniog 
tjartirtteSfits of 
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-li- 
ds!;; to b sent ftom Hi » r mat so \l "\ s > f Vky * hence to the o*rii 
o>«troi weux 138. 

t vao « s s > > Is <. -v r i , s ! s 5? se i > ^ 4 ! ~ * !^ e ? sua d :\ 

5 djusits of the sysiet i ! <■ «d bt ee i i * ' 1 <■ 1 ! * ! v 

.-vx; (SP) arsd c < rc> ndsa < - ecsedso ecsrode arras 

I 54. S m ! bait J > J sod. The second i» 

li , ' ' ^ x <\ r t ! !X i ( w > M 1 
ac pow r « waj cd S sr u p. as ;t S 54 so ; >c bh ICS am; I d xtn ? -evct ungons po&Mlrtitj 

10 ! f i f ! * > i < is X 

KCStSSC 3 < % 

d i t\ > I I ssn 4e s i aoka 

cisrrc-n could How ihroegh she tissue if h earned tic currents. 

I v > , . 1 ^ <i < v 

15 associated with the banco (or other pcswsr storage element) Ihcrem so ;m ac ^ for co«plmg to she is! 
Kiiit 152 i ' $ V ftynul 

k f i headpiece 556 to rx >-toi so the battery » i ui ! 54 in order < dmg.e tlte batsory. 

ivlOioag? rce for list wjthtti Jt$c d > 

described teem is a ;ec«srseable battery, it is so bo understood that oshcr power setirces may also be 
20 en^tio? sipfc * « ' A » 

)J > i i like a conventional capacitor, allows w etexie charge (voltage * >i to be stores 
d ore<P UaH a regular capacitor, » encsgy density of the > <• x ; is orders - s nat sde greater 
shan she energy ciensav of a nosxoni capacitor, sherebv alknvnta a „' asnoiins of 'energy to Ik stored ra 
the rslts3c;ii>ocs;or. This stored energy ;-,i;;y shoo be ■osshdr.yos; S'sesn the ehrocapacsserfor sobsemseiittsse, 
25 h in for this 5>pc * ;p>phc;iiion. 1 v recn;;r;:ang i ; „ en a regoko b;i:;is. asni n'hes; t x \ 
t > is. so t f t i > s 5 f ! > ■> n i s 0. 

> i n't i x ' s s 

A ssiitssble raicsophosre : e.g.. a conipkSii-in-catinci (CIO micmpbose i of she type 
described roevjosish. is ased so sense sounds as;d couple Signals ropreseniath.e of ssch sounds \o the 

30 >; iNX , sl « > U-sxt V.i ^ >,<>!= - ' 

5 i if! 0 I •> S i^iShOvs^i i 

jS?vUu t s s i o i i i i-iE she otjwo 

scofce, c ^ . recMrgeable battery, is >v n ; > < the second jsnpiijaisbiB unit 134, saeb pamtjouing 

ss oi I oern. an f s ' v \ ents o \ ^ v - ^ ~^ Al5to ^ 

35 seven \ * w t <N< ^ ^ ! l ; < 1 ' ' > !i f 

f sW i lis ii ) 

s,s , s n power r t b - pbced 



WO 99/06508 



'« - U - 

if necessary, through only minor surgery. As n i sd !> cabi* 156 s s connects the; second u > 154 

!1 I i M i S s< ^ s ! - N i ! ^ 

p KV X 1 S 1 ! 1 >< - Mi M 1 li lit I- } 

5 PateatNa 4.495,9!'? (Bwns). 

, „ ,, < ! ,p v > ^ 0 ! i ^ 1 % 

be used with the wirc<i sysierti embodiment 150 shown in FX). ID is she same marmer as &ssa 

<p, a s ! l s , d SCUOXai HOsUm f 

j ( N > j < N \ OW ! 

■0 so me wired systeni i 50 shows- in PIG. I D bus wuhout - he si.se oS a cosoaacsmg cable 1 56 baswcao the two 

amis. * s , s a 

si )H , it |„ i 

< { > i she same as or Kierusca; so. that of the ICS 312 is i existing cochleae s s n on 
systems, (sec 10 tAo is * i vs. s V ' >i s i s is §jr l< 5 1 J i 

IS j * 1 if* l ) i s 1 s 

speech psscessor (SP) circuits and a power source, e.g., a recharges battery. The second mat i«2 is 
jmptoted so as k< be in dose proximity to the first > f 112'. A ceil associated with the second ami 
5 s ali.ped with the coo included within she ICS H2, eg., as shown below m conneatioo wish she 
jfescriptiow of FIGS, I4A-M This allows inductive coopiiag to occur between she impisaisbte omts US' 
20 and 162 is So same mama s» oacsics between the BTB unis 120 and the ICS 1 12 shows; m FK3. 10, or 
betwee-o the headpiece 3.06 ;«id the ICS 112 shown in Fill IA, 

A \, <il e.g.. < aanphae-se-csanel (CIO -nierophosie I < ^ . ,< 

kss' d p s s % is s si ;o seose sounds (pressure waives; ! coupie aiects'aass signals «o > v 
mds to the speech processor {ST S umsms wifimt il»o xsuplan-as e pi<~ ot 

V 1wr"(St pi > ill «OM< ^ v 'fiO! S ! i Mil f 

as «sed with the single isnii eisihoihsneiit J30 shown m FiG. 1C as-d the pamssoned wired syssens 
esmiixsinsens 150 shown in FIG. ID. 

By nsme If-e sysSsun showti in Flu. 313, it js seen 'has she following odvasstages are 
30 achieved < I ) older Impisots, s.c . existing ICS nssits 1 12, snsy he upgraded so fnib imptastshls sysiesns 
wiihont replacing the onpkoi anil i 12 and electrode 3 14; (2) iuipiaossbie syste-ns n:oy ixxspipaded wish 
< i pi i d batter? (or other power source) iicchaoioey and lower-power inorc-sophistjcated S? circuits, os 

U ii W i 1- ■< i t i Sis s s 1 ( e> A ,h K \\ 

n, m < i s eqmred rt it I s c ugij werade. power i si d mosiics may bs 

35 is , ^ > S ) 1 Mi - s vv MSS 
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Next, th« techniques empsowci by < invention to omke she charging of tire tesm-y 

j J, , < l\ \ - , 0„ ! lK 5 ' V i h f S Uv'.'ttU il^ 

at system i ! > ! pted for as oc ^ s > s < ! v 

5 tiidcryM.'w ? ^< - " s oS theme-ere; sod 

iawaios descnhed hereto. 

S! ( 11 < < v 0> v 

■ living a case 12, as » * s baumy H, and ? Internal circuit 56 t are confijguml fox improve** 
battery charts?. um« and lifetime chmacierisncs, The barney's charging »me ts largely homed by the 
10 amount of heat generated during bodery charging Daring cbatmms 3 sraanticatit ammmt of hose may 
N , i , _ < . x ^ s Lth 

j m, s -x* ! \v ,e\ 

of the praam ioven scon s ? ©Hseat geaerasee ) ««a 

IS' ! 11 ^ > n 

implanted cochlear smnuistlots device. Bones, if? the tocaptiom « follow, reference is frequently 

i < (o < 5 ? f 

3 K c t I * "> > > e device w ?ete t 

lligfe k iisw or desire u reduce eddy currents f < time when h implantable- device is exposed to 
20 alternating mi s « »\ sfa ivpe that would >v,um< introduce eddy mtrre.rds, 

Referring to HQ "> one embodiment of the invention is a cochlear implant device 10 
U&fMcisdss i id Si to the case I?. ba;m?% U :md coco mmpfem i daemds «m 
Ok, < „u< s I s 0 r lb <> s n ^ wiMKfco 

-s < , ^ n ' > < - f ■> t ^ e t >4 

die prim's cochlea. Hie implant lead has decides 20 lor stmmhiOng nerves within ihe cochlea with 
dearies! pauses generated by the electronic circuit i response to * > so«»d signals hotn a m moo 

s < l x p ) t v v ! ' ?MO 

shiny-two etotode pairs. Each electrode is connected to the circuit by the separate conductor. 
30 f^c c i -r - r i s t ^ k « 

power through other uK-a-ns. e.g . edUdens se-to-dc converter eucmts also knows? as "inverter - ' circuits) 
eeeived fey me c sss sartos thee ho realms ba:ic;> rmds ?t >' 

, cr v s s placed apmsi tl » 

i KB^.umesset Ids l 7 iu i « f 1 ! ^ e 

3S ec4? is castnscted d \a J ceramic msniatcd ? ; j , to She eteemmie eiretjrt 16 wlthm the ease 
which rectifies, the ae cm-tea; to produce dc carmnt which is nsed to charge the battery with she power 
v <u U o< U f . > > ( t t ! . ? ^.m ci > s s ! ? 
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Ok (t»v i case i : ^ 1 iU <. >k << = >v 1 ^ . ' - ?- 5; ^ A^nTnuxttb Oxx 

a s i : s »n a i )n<. i ks - < - u ! . oHms 

tissue smesdisg the implant ?o tolerate ehsvaoxt temperatures. During biittesy recharging, a esse 
temperature fits of only * few degree centigrade can be extreaseiy dangerous and cause damage so she 
5 5utro«3tdiag living tissue. 

h c 'a s f s s c s< i esse J 

! s , ! < ofa biologically BK:5 ! hsvmg a d s fetgb. resistivity. Became ! beat generated 
by the eddy ataxm is related to hb, whece ; is the current sod R ts the ressstaoce, increasing the 
j > vxu&dcs.fe 

IG \ j s , I if M! « <. N i «Oh i 1 >!" MIJHCh 

, si s i ' a u 

I l.vtillkM. - \ X i 1 t X ! O* 'H! 8U 

4 % ait!« ntmiim > s sisiivhyof i » x 0 i < hlch i xna 60 ixtixes te 

jssistmty of copper. 

:|5 US si > > ^ ' ' > ' 

Ahxtmmxm,. 1% Vanadium, 1% Molybdenum) Haine&, ? , or at a ceramic such ss altHniwrns oxide (AlCy 

x, s s 

rb any rooisrarc Ui th«s«gli ths 

30 plastle case. 

The battery 14 is preferably a techargobk lilbktm son battery, era oscbe's metsJ hydtxde 
\ ^ ; r the present invention, ths 

Implant lead eiearobea 2b consusnc aboat t reibuvatt <roW; of artery- pow and the dectrenxc sigasl 
prtk i i \i. of pov.-c cons npfmn s 

25 x s 0 5 1 i s about 50 hoars tor abac; 2 dayso. A typical rechargeable ihhran; ion battery 

has a lirehnseof ahxa 500 recharging cycles ,s i If recharged o " r . day:;, vrotibi thus lass only aboxg 
3 years As dtseos:*;d hdow. snore iVe^uent banars rc-aiiasasng rsrsy recre;a:a \ bssitaryA . » e 

' v ! . s c i ! »< : <i 

SVSXratty.-S \ n » ^ " O) ! g- 0 Si 'O! I s > >ii! 

SO k ^ ' ' M <' >v i 1 s t si 

and a length o(&ix>\xi I inch. The aa ate typieahy cut tssrag a sssv baide ha c ■ a drsaksaas of about 
0.00 i x:::h.:s Thsss. after sawsag a gap of about « W\ inches renaastm iKavecn the piste nsarerai reKidtiog 
Cffii; ,0 \ n ^ h i"u « \ i m dt\ak«o, 

if stsny diffetest; dirsetsonsa Tire spacing betwen the s deicrnrssres the widtb of i e xo SS 

35 ^ i V N > S < S. < i ^ I > i 

■ogetber <t:sa;sitig m rtartower teeth. However while citding :ra;re slits f.ltroegi: - he pta-e rrc-ieratiy reatitta 
six st i xi e indoeed eddy ctsrrents. each cut iovress the i r. \ capicxty of the pkte and hi t w the 
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battels tna tagooa. An advantageous > swibsgai 

of about 0 0»2 inches The siis long? it max be *aor« sxxi ?re u » «uc ;! tu>.a$«Kni potm of site electrodes for 
taosased mmni espachy near the wire astachssresss: point. Also, the $fit's pps may be fjlkd in wish an 

! <, Kf < S t i > ' 5 X ' ^ 

5 electrode plates. ! ? 5 .e. h.:v=r:-: s i^u'.t} s surtax- s W \ar*erv of 

snri'aceshaps u i t ! i » v t i 
cavity. 

FIGS IB and hi: slhaarase addihosai battesy plaSes 24 that max be used whh dif&mn 
shaped battene 1 s < is . .x ^ s e e .x xxs j * Nx 

10 Fh > k it r t ^ s sma cdh > be k I soy. »k 

pistes 24 of 1 US 2B or 3C Regardtett of lite shape or font? factor ! the battery, the goal of Jh 
i , } fU ;th s is ? > i « * sed cssrrass) 

loops, because Sis she c* ? \ f e v current 

As steve ? 1 the battery u » ^ at * 

15 s i i 1 t 1 Id 

has titty holes or ports; that allows water and sails to pass through the separator, but that prevents large? 
SSGfecafcssmd mt&te frosnpasskg through h . < si , s sire i ^ >r maserist may seal tfe skctrs>de 
plates. Asecorad separator 36 ui I n insulates so banes? cell or layer from the adjacent cells aocse 

ffofl j I | s «. si? ss S. < ; 

20 separators Beasuse of the paste's relatively U i resuasvhy, she amount of heat prcj-duced by eddy currents 
shrosjah She pes!;: ss very sesad 

the posid m i -1 i * usn Ive electrode ss I id 

eiSerNi.rer.i . -a-. -\ \.. s ss J-c . ' .-. .:? 1 t.i , s h syi(.\i h ut.v 

w s ^ <^ Ji i 0 ii't <\ 11 rU ? is > 

2a u>rs'a ! * be. rcsesoai of coated erne k eondsicssse u s AhcTOatsr eiv. the .o x ? i.s Seeds 
i \ r \ io . - . > . ' 1 

As shown m FIG, 5. the entire mml ease 12 I;; coated with a shin layer (if Hysol epoxy 
3S haYiui; a thrckneas of about O.Otrl < The epoxy ts a thermal essts laser havsug ;t relasrvely low heat 

v>\i 5 5^ h iVSt se 

30 nietak comlaei be m soeaiiacd ate fse elyh ?' Jlertsrt she case 

txtk . i ^ t i < s 

k ra « ii " , ! « i ^ 1 !^ I ^ - > 1 is ' 5 nntiandtsjg 

s ss |j i so kx:n d got spesss Ire sposed to lov 3 letnpcs s ? 

35 4 \x Ol.l ' r > ^ ' 

rates. 
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As seea hi FIG. 6. circuit 16 » fekl can on a ckcusj board having csrcislt regions 42 
tidhi jgifnarv- 1 c t ! m i < r n *« s T i I c t* cu« ai 

loops that may a , e o , n s so ex. < < x > t so 0»t x« 

ftl v , » i < V t >' » i >\i 11 th,ul < ^ o « UlWl 

of large eddy wavm m t circuit. la a u ' t j circuit boardd the imaginary s Ui s. ibw 44 
f N , ( *1 s < , 1 , v , cso es44 

AtfUbe imposed as a lav-out rc!«. for each layer, teamhwb . the circau layout is limited to she circuit 

is an alternative ssnKshsncns oi \ ttvet on >©wr in FKSS. ? and 8. the fejaecy 14 
is be sedoi >b fhrcg t and 4$ sodsc; raters 50' anc 5.1 s you i\M] i spiral 

^ i <i i o » s ^ s j S f > ti 

no dosed current }ocps;jlo«g 1 length <- n ;a electrode. . panting large eddycorretsnfroinfeetag 
induced 1st the electrodes dnthm. recharging through hoe coil 22. 

to s mi ) i r ■ u t > ^ , <vi s u ' she invention, shears is PIGS. 9 < o U the 
W is formed of tour ribbon components 54 tbos arc connected together in pamilel osd thasoare 
wound m a spiral conSgur&ifcm. Such configuration advantageously permits allows a isrcch fester 
^ , iKi j Si s i f r v { iru 

is a lower capacity, I e., a lower battery airretu. The ribbon components of an acuta! bat^ry are matih 
longer war, tbos* she«a sn FkSV >5 wiJ 7 Also lot rtov Use aoce st (v *v o, v 
eketrodes 58 ate not shown. Tiw resistance aieag a single r t <> s be significant safest baiter? 
eharglag rates djwiog winch significant eoxrm fews through the ribbon nod may result rn chrcrce batieiy 
^ iuuoi> ribbon near 'die i.^ - J 0 cbiomc orudecTngmg <. I t t is f the a 
end. Dividing Ihs ribteo j«to four shorjet riblxva;; reduce, any voiiagc edfterendei along a smgie tiblx>a 
ijy a isctpr affotsr. Of course, more or fewer than four ribbons may be o::c;i in accordance with the prcseai 

62 tld Is insulated front au itiner etsnchietivc surface 64 The ir or ;nuer~iCort ban.ery eiecPcde S6 s 
cffirceeiocl io the outer conductive sarrsce 62. The secsid oronter-niess testers' electrode 56 e»ds pnst the 
SrsS bar v^s< i w m s ( a * Pi " * ht d 

center ring to conttset ordy the inner conductive rnrfaee. 

The v > » ! t ! t v x bfeiimc may be improved by usting is only in tow ssxsss 
regions 6 fi 5 s w % b ry cycle 

biVtiroe is based on dec nenev: of Pool discharges &od chajges or cycles thst tire dttssery 14 con pedonn 
while srcsintPining its i>cwer deliver specificattons. For a liiishnri >os bttttery, a basfety "oissge of 2.55 
l vohsindi 0> dis t i ' i t ' s< 

ckrtge rbruvu 'iii-psft , - ih „e „>r.g ;i.„ i-inci, v e^.s 'M\n md hmi% a 

lifetime. Operating the battery wthin a relai sveiy "low -stress" region 66 of 'die basteiy'sopsroStorcti range 



• n- 

eo 3.0 volts \ 68 s ! N rrd charging it so no more d h 4.0 volts 

f v m a > n ^ i * <• ' ^ s ^ o 

oTas operational %c Tv e% s >a >^s N < > » < > >v <e for wo days 

between ■> s s baikry lifetime may be extended by daily or twice dsdy partial terny recharging. 

Alternatively, a couiomb coaraer ;«ay be ! instead of, o; hi addition so, a voiiags <.% 

V i \ i P- ! " ! > O "Vifb,,i\ ! rtsiw , 

eSsdeacy, 

i in > n 72 oflkx&k raararioi such as i as- iiiosi rated In FIG. \2. The citemfs composes® 

i S iSicis robed into a C-ibas».) or spiral mihin hse case 12, as shown m FiC S 3. As discussed above wish 
ov {V( k> ^ j , * 5 < i <. i j is 'iiv \il U U 

<„ i !' ' I . > 



Fafiy i . ! ! iMv systems mads ) accounts: <■ < the prose-as invsmson have tea 
described previously In codecs ion wish FK'iS. fC. ID and IE. 

FK) 1 A sSkjws jplanx e« »< $G M&asidcvic* i pa s >«cdf»Sl> 

si, >p fO. 1 ? |4B, an ICS 

P is positioned proximate an insplamakte SP/PWR sirnt 162. The ICS 1 5.2' is ksased i m a ceramic 
<.<w^ra et\,\ kv< U > - c ^ , < , \ v . > << <;< >.<>, ! .e;sJ t<, 

psaernky used for she case raaicimi to kdkatc asagrsebc coupling sraoaah the case. A metal header 115 
c n > > »> v , > ' 'I - 1^ 

, x „ , i i »v' e rara 

eteeirode array 1 I 4. not shown in FIGS. IA A or MB) ;o ideek-ciiieal circamy boosed s ! ICS l l 

TSiCSP P flB8< i i i u 

>k\S o s<) 5 as f s v s ra s ss s t s >s wo dearies 

feedshroops b?6 pass mro<.sg:h ooe side of ihe case and aisach ;o a cod ; 72. Ihs cm a ahgoed wiili ars;i 
jkww v. it: kh i ! i * ^i <! ra- 

v e < i ta i i ts vT,<. h \H s 

teoedsoastosdhereto e iesof « SI-VFWR tmit 162 arid the ICS i 12' ^ com»l«$e-ia-csns3 (CIQ 
asicrophone ( - < is placed a she < cared v , i the imciaiit iccaiio;; oi ihc ICS 1 11 and SP/PWS.«K»t 
162. i fekcoil \h<k co«? * f \ > r 

, < J U i i ^ , . ' s ! ^ . < . i l 

ki ife 1 - ^ss.ati.ra u . r R r . aiss t derax , - i, •- ~ h k ssra ^ c^\a\, i- io, I WKmii 

1 ^ IW. i ! i , v - iU 1 K' i i^C s « i 
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~IC \ i * <n % \ post ,uw ^ ! \ ' ii \ } k. i >sd \ i, p ssu Sssks > lss> SO »10 

ovemde Use mm speech processo rovidea i fox igcurreat fortl tsukwice, o£ 
to 's m ' thiiog andAar diagnosro: sosichoas. 

Analtcrn, v s.-svosissct t»; val> si > - . l - a .rai \. poou\r\ swcssi Ifo) 
5 i <t , <> s a- f > ! * \ > i " ! > ^ s > > : s - w t 

8 is ;s sid ( c ' c ICS H? and Use SP/PWRu placed! 

Sidc-bv-side. ?5,<\uiuie <CuCh c<he? Each Bait h** uso \ 'c w), o C\ w . 

i > ■. < >, ~ ' ' y ' < f v ^ ^ *K vOiH?2 

•> t <■ i i i } « 

Hi i\< i > u i si 

Dun-!?; Pta nneSaa; aa^rauoti. -he ICS I is' s iiapSarued in coroennonai sxassiaesa and 

she -r v v 5 ,{ i .a m \ <. , pi,^,i , N vwi 

K d ! ! \ H* f K 

a >v who \ < ! i )■« opctate assy $u$ars sod in place, as needed. A Hit 134, 
15 m i> t . " * 

Yet a fitnhcr - \um offtc f P isaplarasble pamuojaad p s > j 1 >t 

fiSO !£)SStH«s(rd?ul^U*. j. A*v\^i i K » wu « 

0 ICS « N aoa as; SP/PV/R uso; 162 art: x; acted an >cp of each oshcr. Po; A; asnbodhaent oi'FIG. 16, 

t < s« CS r otherwise to 

10 de j s o ' magnetic signals may pass v, M <. without stgmftoxu nu An advamsp 

1 X , >i> t v d naJas 

I«u ,f !t on iv «.dK n m jv, is > * td ■«< * »t 

etnl nlmii d » sh.as tl tsbirscd k of ih S 5 she S % % i S luites 

iwicess thick as ara She sKSe-bv-side c-tsbodhnsnts. thereby requiring a iaaac: pocke; to be iomi«!. i« tlm 
2$ i mi K ss : i | r s ! a :: s: < p ' *"s shift :»i {b< 

iiSi|)tei ske. 

Dwrisg th< , . ' < ' i ' > the caw of the SP PWS 

us«I l£»2 is simply piacsJ over -fas ICS I \T so as so align its a»l wah she coil oftiie ICS I IT, W&cskcd. 
a s.tsisi fenise shares I SO, ot a shea: osada s'fosss oShej seisabie low ss'iagna-ic seiaeiasice ssiaseriah ooasod wish 
>?s ssif M i ' < i M s i 

orde;- U; kap oorsh!)e > > fccus sha sis, ! asaocissod wish tise Hidsscdve coupling So dse desired 

mm. 

Turning nssl So ffO. I?, a ssisspUfieO {a^eno^l bieal: d;agr:so- a; jBusuated of o?se 
^ ^ s ^ Hon srrt<s( s i\ \ .> > s < >ns ; i 

■5 ! 5 1 I M C 1 > ! i 5 

idtK ' i o 1 is < i s i « 

\ncj> ;he teachings prosesssed Siesess; 
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<v,w k<-5 ; ! " >. C2 ! s ,1! , n s n,d idvN 

«v t m>,fc> i^Hf Jv. l^ <„ - h k\ • - i doU^CH aCRJvRvUs 

as » f s > > ^ > p> 0 ^ ^ ^ s x ! > <J >> 

electrodes »f tH« electrode array, 

H SP/PWR . ! S62 iadudss i mchargeabie n ' 192, deseed ,o operate si & 
s- r< > f ofxastiog vopago of ' -2 v;;i>s. bonery sir psoysdcs, opesabng ooyrer for She analog ' H 

x n u ! *. s < < x s " > - n n, >s > t> ur 

i < ^ ^ f n 1 

coupled tmo the ICS 1 12' via coils 194 am* ISO The analog FE circuitry 188 receives signals fsrni the 
i m~ 1M vsjf 5 amplifies sua pmtmanardv processes seen ygoah bn presentation to the 

M , S 4 > s s , x kgx 

i Kst )\ . s it ' I » Mt ! ! I V » * > 

fomrol i nl t. \ n nx » K * ' s 1 >^ 

t-^rrece u < ! 
is u) excess of the voltage ^ K ,c % l< ~. >o J s ^ she bo-scry 592. 

When using a prsxirain- sysiem of she- jypc shown ift FIG ! ? rk a> < f»ge batter? life 
t «> « f , uk , i i , s picj k as ICS 'I?' w'lh: !>p disclosed m ths 7 o as » or 
eqmv«k.m system, assuming the j«d»caled charge times per day, atsd ike indicated battery type, is 
cstiwtsted to be as sliown in Table I . 

TABLE I 
t < „ ^ 





Average 


s 




SAS 


Implsambie KsMH 
Batten- Vohsjne. 


Satier: L=fe 






C'nsrge 
riuii o 


\ 2 x 2$ % 6.7 mm 


6.3 vears 


2» smtmtes 


4 yeans 






* 

III vaara 


it! misutes 


5.2 years 


Hi misutfes 


Ti-e type of battery wsco 
u > prove 


i safe hasten' fe 




bie I !S an NiMH b: 
la Table i. « sisonls? 


tesy. or sncfel metal 
b< : nosed that "CIS' 


stands lot Cos itmt 1 s > 
•lap sjhimistss c-iiiy one 
^Simobancous Aa;dog 


rtesicavea jsamper • m nnegv'. sua is a s 
S n ; ! siestcsv and is 


>;:>s s:pceci-; poxessi! 


hpr«>;ies:;isgs;mtc'g} 
or hand stands for s 
strsssogy tl-sit ;n;o 



Table 1, an ICS ojserann§ in accccdance svsth an SAS strategy wtuaijrss nwre |>o« .■ assd requites longer 
daily recharge times, i d;;es ) ICS ojjcnituig t accordance ".vish a CIS stsascgy 



x u , \\ ; ! ! ) i i i « ^> » « i r->* * i \S4 

The cable sbovn m FIG I & nku. k* oak nvo contors. and is. t;e.n wsnes coupicd on each ead. That 

is !f ><k , », , vi i < £i i i < ^ S X N ^ 

aaspied with d cod thai u on - he i> >, cud ;a ■ showu su FSG. i k of k k-h: . k ; .in.", , she , \: „M 
srvk kdnt s <. s sn ' <■ 

that is or the right end of she cake I So. The coadudors connected so the coils ok tUe Mtm* rigla ends 
of slsecrene 156 pass through suitable feedthroagh connectors; kdheu ec; oe •••>'.:.: ska the cable 

4 i s 5 i i ! i<! <. > 5 ! < 1 iMilOk 

.WCa-SxiV '! ! M\ iC "0 IV d< 1 hi ! Ui ' til k )!K 

Sisdf wMIji w tw " prevents do u u nons tn i s the hak >s» x ik SP/PWR )fli SS4' 

er is uansfemai through the csbl* 156 as as ac 



a&n«ujj i n k o^ so . ^ - x evo »; 

r example, the oaadacsor may comprise a ike or sis condoctor cable to allow: 
das < ted ages or two ot s » I N 'peiw h 



ka aaedat etich coo of the cable. 



e oi the sennetse s 



tocfca DC signal s ku ed svhdna 

acgUgibic ripple. 

v order- pha sous system fe f between iiajtot 

rkvjces. suds as Sao SP/PWR unit } 54" sad a« ICS 1 IT, is hksnated in FIGS 59 and 20, FIG. 19 ss a 

;t. and FIG. 20 haw 



! k ^ » } km » r« Sv0 « *Jj "rvsnkn flr 

a the *-* She srraatare of the switch is connected to the negative side of she batsety M. When 

swhch is not connected so the battery ! 4 aod is oner. The smsatafs otkach switch 
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allow electrical connection to be tmk from a tosion inside of the hsHoetic;d!y~;tesSed case to the. tee 
( i ! f to! < soe-msideol" the t < v 3 

xvhxi- rotate i it-co x\ - * , n ( devices of the w -k-^ ^ tHO ID), 

!rk . t ,s ! I , > ,< ^ ^ > , ! Is 1 !) 

ii ! s % > 1 5 1 J S X fi ! 

(v coxmeeted to the other side of the battery Doting a phase transition, ; c:.. wheat orse a.rroatorc switches 

tDWOKMiWp i n v. c " nR " 

the srammc >at;i Th It < ? - 1 < > v! ^ 

I a owe Creoles a clean dc vohae.e when the F 1 , ?2 sod P > phases roe reconrb.eaed on die other cod or the 
coble 1 56 is slto other tmpfoBt device. The advantage of using this approach is that Use ose of large filter 
uptuKV^rv ')0„x , ......vnir., ..uuiK'u^ Nattering 

to ase large Ishec capacitors is very dessesbie for a sorFd volrnoe imphm device. 

! >ik k xNvi.it f» k,. ml iK> ! Indit-atON < 

voting;: wave « « ! i - ! w pi >n oi v, r i 'c: ac d F ' s 'wi i h > a <iw 1 r - 
rv !. i , K h k oil ^ ^ ^ *' 

P3 ?n connected 10 the »** side of the battery. At lime > » timmg cixwh 204, which controls the 
operation of tV three switches SI, S2 and S3, recognizes «> « switch S3 u-aivd toe^ndockwB) needs 
to begirt ii& transition to ths side of the battens Therefore, shortly after time t), the switch S3 is 
( h ai\&l to iv "0* state, where it remains a; s ! This means the voltage on P'3 decretsxes to zero and 
raaauss there rood! sonwiinw after time I >, vvheo switch S3 is switched to the »-« side of the battery, lit. 

d o the '+> nd * Mt 

respectively, provl4lag a clean dc voltage signal oo the other end of the cable through the PI aad P2 
conductors M i me i.1 -oM 5 3 has complete t v. tching cj c , s atomst commoted to the 
"^ sids ofthebatte.rv 14 ts It vrtch S2 meaning tha ;r; rime t3 both 2 and P pw k s sigsaS 
while ht provides a slgoai. M. u t3 . >o < . the rtiotag cjrtairt 204 j> 1 that swrtcb S2 

CO ' CO 1 ' ! ' ! vt i Mv 

swatch S2 is ciiartged to > n v rvhete 1^ reoiarits at tone t4 This > < the KiSiagc oo P2 „ • 
t ! Nid e b< 
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At the receiving enti of she cable 1 56, within the other hopiara device, e.g., withro the 
c > i , , v t t t > teeos tested dc voitoge for 

piswerhtg the circttrts fcttnd in the receiving Implant device. Jo order to properly recottthine the PL P2, 
ttnd Fa siaasis. appropriate syre:ho;«izadoe ! rseeded rv- n the trtning cirtards ocihtn the tars; oripiaot 
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156 riot is Kisknowaa - o icb phase 

sscciviag sad. U is possible to sense when the uassiuoR occurs between its ' - : ' and "■" mm 'Urn 
5 , t < < , « * > < * s. > - , s o > « !i^' ^ 

> s s , x I u >h k i n - * « o tK 

i pj » ! 

Although d>e precera invetmosi has been oVsciebed ss; terms of s coehfeiHrnpIcitrt d;:vx:c. 
! i vin 'i i i ' ' x c cvicc 

SO it is to be umpkmztd tim ihe reduced eddy current fmmv> of Use »nvcBiton. as wH as fbs felly 
i , ? > pa;t;boaed ;b;taa« . savi-aon , pctiiivioning vsfiotts runcbosis kito separate coupled 

H33pIt3SiiabSe devscss. 

Tiros, wtnie the invention bordr, disclosed has fecc« (Scscribed by means oi' specbic 
1$ xxi matte thereto b$ 

iosc-skiik s !x ci pasting i the scope c < dam» 
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CLAIMS 

WHAT IS CLAIMED IS: 

L i ! > s M 

a esse itiy, 

5 b.o .at drcrdry , - aat provides; a desired * roc;., ^u- U^vs 

feids; and 

a batters I «.t k» J *ttfc*s k< v 1 s epbxno \ ect e u.»s 
v , , ' . l drcaifcy. 

30 2, Tfce so ' ^ ^ 

electrical circobry Ob? and has u* and m! dectrode od 4 Jtet » " ^ * u i > reduce 0 
roagailttds ofadny earrerds induced m the battery electrodes by ex<ennd ac magnetic fxetds daring battety 
recharging. 

3, The t ' system Cm " whardxi each battery electrode a; relatively fU and tas 
15 s is 1 x , > s,'< c 

electrode tkn each tme a relatively long stereos sliape. 

4 * ! < i . .^1'. s ; rise 
long Coo elcctroed;; ban are coded ra , 

5 i , > o . !w - Kd 
20 1K « iathetyf) cat i > ioaeopics more than >f the case's ime* rvoUinsc 

6. S nd k n' v 01 , i ^ ^ ! 0 f < messed! (22) 

p tnr t ra of said case (S2). »»d fe.te deluding i eatersab power souks <1S) for 
operating powers the kditbeopfr >d:«jjc»uw»pt>wc ,a-aeek,:-> ?karcm;T>-(ii>)0;atsuppkmems 
i he operating power provided ^ she bastcsy ( 1 4). 

25 7. The implant systsm of Claras i or 2 wherein the recharging means iodides a cob (S2) 

positioned in axed t i ^ ^ coupling 

petatiag pow«r to the coll ) to } < 5 '< 

operating rx oo. p cn deb b ic bsucty i i) 
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